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1. INTRODUCTION
, $B(0, R)\subset \mathbb{R}^{n}$ 0, $R>0$ open ba .
, Beurling algebra $A^{p},$ $B^{p}$ , $B_{0}^{p}$ ([B], [CL], [G] $\ovalbox{\tt\small REJECT}$
Deflnition 1. $1<p<\infty$
$A^{p}=A^{\mathrm{p}}(\mathbb{R}^{n})$
$=\{f$ : $||$f $||_{A^{p}}= \inf_{\omega\in\Omega}$ ($\int_{\mathbb{R}^{n}}|$ f(r) $|^{p}$u $(x)^{-(p-1)}dx)^{1/p}<$ op
, $\Omega$ positive, radial, $|x|$ nonincreasing,





$= \{f\in L_{loc}^{p}(\mathbb{R}^{n}).\cdot||f||_{B^{\mathrm{p}}}=\sup_{R\geq 1}(\frac{1}{|B(0,R)|}B(0,R)|f(x)|^{p}dx)^{1/p}<\infty\}$ ;
$B_{0}^{p}=B_{0}^{p}(\mathbb{R}^{n}.)=\{f\in B^{p}$ :
$R$l$\lim_{arrow\infty}\frac{1}{|B(0,R)|}\int_{B(0,R)}.|$ 7 $(x)|^{p}dx$ $=0\}\tau$
, $1<p<\infty$ ,
$A^{p},$ $B^{p},$ $B_{0}^{p}$ : Banach
. , $1<p_{1}<p_{2}<\infty$ ,












, [CL], [G] : Hardy $HA^{p}$ $CMO^{p}$ .
Definition 3. $1<p<\infty$ . , , Hardy $HA^{p}$ associated to $-4^{p}$
$HA^{p}=$ { $f\in\wedge 4^{p}$ : $f$ real, $f^{*}\in A^{p}$}
. , $f^{*}$ $f$ Poisson nontangential $\mathrm{m}\mathrm{a}_{\mathrm{b}}\mathrm{x}\mathrm{i}\mathrm{m}\mathrm{a}1$ , i.e. $\forall x\in \mathbb{R}^{Jl}$
,




$|c_{n} \int_{\mathrm{P}_{-}^{n}}f(y-x’)\frac{t}{(t^{2}+|\prime x’|^{2})^{(n+1)/2}}.dx’|$ , $c_{n}.= \frac{\Gamma(_{2}’-^{l}\pm 1)}{\pi^{(n+1)/2}}$,
. , norin $||1|$ |HAp




. , $1<p_{1}<p_{2}<\infty$ ,
$H^{1}\cap A^{p_{1}}\supset HA^{p1}\supset HA^{p_{\underline{\gamma}}}$
.









$C\Lambda,\cdot IO^{p}\supset B^{p}\supset B_{0}^{p}$
. , $1<p_{1}<p_{2}<(\infty$ ,
$C\mathrm{A}fO^{p_{1}}\supset Cl\mathfrak{l}IO^{p}..,$ $\supset BMO$
.
, Feffernlan-Stein’s $H^{1}$-BAIO duality analog , duafity .
Theorem 5([CL], [G]). $1<p,p’<\infty$ with $\frac{1}{p}+\frac{1}{p},$ $=1$ . :
$(HA^{p})^{*}=C’hIO^{p’}$
, $[\mathrm{M}\mathrm{a}_{1}]$ , $.4^{p},$ $B^{p},$ $B_{0}^{p}$ (
(., $\cdot$ )[\mbox{\boldmath $\theta$}], $($
. ., $\cdot$ $)^{[\theta]}$ , [BL], $[\mathrm{S}]\grave{.}$ [T] ).
Theorem 6 $([\mathrm{M}\mathrm{a}_{1}])$ . $1<p_{0},p_{1}<\infty$ . $0<\theta<1$ ,




Theorem 7 $([\mathrm{M}\mathrm{a}_{1}])$ . $1<p_{0},p_{1}<\infty,$ $0<\theta<1$




Theorem 8 $([\mathrm{M}\mathrm{a}_{1}])$ . $1<p_{0},p_{1}<\infty,$ $0<\theta<1$
$(B_{0}^{p0}, B_{0}^{p1})_{[\theta]}=B_{0}^{p}$ (equal norms)
. $_{-}’ \gamma\frac{}{\mathrm{L}},$ $\text{ }$ , $\frac{1}{p}=\frac{1-\theta}{p_{0}}+\frac{\theta}{p_{1}}$ .
, [Ma2] , C. Fefferman and E. M. Stein Lp(R $BMO$
([FS], [GR], [J], [S] ) analog , $B_{0}^{p}$ $BMO$
.
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Tbeorem 9([Ma2]). $1<p_{0}<\infty$ , $T$ linear operator ,
$T$ : $B^{p0}arrow B_{0}^{p0}$
$T$ : $L^{\infty}(\mathbb{R}^{\prime 1}.)arrow B\Lambda’IO$
boundedly, . , $\forall p$ with $p_{0}<p<\infty$ ,
$T$ : $B^{p}arrow C’NIO^{p}$
boundedly.
, $B_{0}^{p}$ $BMO$ $C,\Lambda\cdot IO^{p}$ 5
.
2. HARDY $HA_{p,q}$
, $k\in \mathbb{Z}$ ( , $B_{k}=\{x\in \mathbb{R}^{n}. : |x|\leq\underline{9}^{k}\},$ $C_{k}.$. $=B_{k}\backslash B_{k-1,J\backslash ’k}.=\mathrm{X}c_{k}.$.
. , $\backslash c_{\iota}^{l}.$. $C_{k}^{l}$ characteristic function . , $.\cdot\tilde{\iota}_{k}$. $=.\iota_{k}$ if $k\in \mathrm{N}$ ,
$\tilde{1^{\cdot}}0=.\backslash \cdot B_{0}$ .
[G] , J. Garcia-Cuerva $A^{p}$ $B^{p}$
(one-dimensional case , [F] , ).
Definition 10. $1<p<\infty$ ,
$Ap=A^{p}(\mathbb{R}^{n})=\{f$ : $||$f $||Ap=. \sum_{h=0}^{\infty}(\underline{\nu}_{||}^{kn/p’}$. f $.\tilde{\backslash ’}k||_{p})<X\}$
, $\frac{1}{p}+\frac{1}{p},$ $=1$ ;
$B^{p}=B^{p}(\mathbb{R}^{n})=\{f$ : $||$f $||$ B$p= \sup_{k\leq 0}(\underline{\eta}-kn/p||f^{\sim}.\backslash \cdot.k||_{p})<\infty\}$
, [GH] , J. Garcia-Cuerva and M. -J. L. Herrero , $A_{p,q}$
$B_{p,q}$. .
Definition 11. $0<q\leq 1_{f}q\leq p<\infty$ ,
$A_{p,q}=A_{p,q}’(.\mathbb{R}^{n})$




$=\{f\in L_{loc}^{p}(\mathbb{R}^{n}.)$ : $||f||_{B_{\mathrm{p},q}}=. \sup_{k\leq 0}\{\sim$? $(1/q-1/p’)$ $||$ f$.\tilde{\lambda’}k||_{p}\}<\infty\}$
. . $\frac{1}{p}+\frac{1}{p\prime},$ $=1$ .
, $1<p<\infty$ ,
$B_{p,1}=B^{p}$ $A_{p,1}=A^{p}$
. , $0<q\leq 1,1<p<\infty$
$A_{\mathrm{p}},{}_{q}\mathrm{C}A^{p}\subset L^{p}\subset B^{p}\subset B_{p_{\backslash }q}$
.
Proposition 12 ([GH]). $f\in B_{p,q}$
$\sup_{R\geq 1}\{|$B$(0, R)$ $|^{1-1/q}( \frac{1}{|B(0,R)|}\int_{B}$
{0,R)
$|$f $(y)|^{p}dy)^{1/p}$ } $<$ x
.
, duality .
Theorem 13 ([GH]). $0<q\leq 1,1<p<\infty$ $\frac{1}{p}+\frac{1}{p},$ $=1$ . ,
$(A_{p,q})^{*}=B_{p’,q}$
.
, [GH] , Hardy $HA_{p,q}$ $\Lambda_{p,q}$ .
Deflnition 14. $0<q\leq 1,$ $q\leq p<\infty$ $f\in S’$ . , $f$ Hardy
$HA_{p,q}$ , $f$ $.u(x, t)$ in $\mathbb{R}_{+}^{n+1}$ boundary distribution ,
$m_{u}(x)= \sup|$u(y, $t$ ) $|\in A_{p,q}$
$|$y-x $|<t$
. , quasi-norm $||$ $||_{HA_{p,q}}$
$||$f $||$ HA$p,q=||$mI$|$ A$p$ , $q$
.
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Deflnition 15. $1<p<\infty$ , $f\in L_{toc}^{p}(\mathbb{R}^{n}.)$ $\Lambda_{p,q}$ with $0<q\leq 1$ and $1<p<\infty$
, $\forall R\geq 1$ , $l\mathrm{V}=[n(1/q-1)]$ $P_{R}^{N}f$ (x) ,
$||f||_{\Lambda_{p,q}}= \sup_{R\geq 1}\{|B(0, R)|^{1-1/q}(\frac{1}{|B(0,R)|}\int_{B[0,R)}|f(x)-P_{R}^{N}f(x)|^{p}d_{l}x)^{1/p}\}<\infty$
.
















, $0<q_{0},$ $q_{1}<1$ Theorem 17 , [GH] ? .
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, duality theorem ([BL], [S], [T] ).
Theorem 19. compatible Banach $A_{0},$ $A_{1}$ : $A_{0}\cap A_{1}$ $A_{0},$ $A_{1}$ dense
$(A_{0}, A_{1})_{[\theta]}^{*}=(A_{0}^{*}, A_{1}^{*})^{[\theta]}$ (equal norms)
.
, , [LY] , $H_{\lrcorner}4_{p,q}$ denseness ([Mi]
).
Definition 20. $f_{\tilde{v}}$ , $k\geq 0$ $’\rho_{k}$. $\lambda$: $\mathbb{R}^{\prime l}$.
, $k<0$ . $P_{k}$. $=\{0\}$ .
$f\in L_{loc}^{1}$ (Rn) . $f1\mathcal{P}_{k}$ , $\forall P\in \mathcal{P}_{k}$
$fP\in L^{1}(\mathbb{R}^{n})$ $\int_{\mathrm{P}^{n}}.\cdot.f(x)P(x)dx=0$
.
Proposition 21 ([LY]). $0<q\leq 1,$ $q\leq p<\infty$ ,
$-\mathrm{Y}_{k}^{r}$. $=\{f\in C_{0}^{\infty}(\mathbb{R}^{n}) : f[perp] \mathcal{P}_{k}\}$ with $k \geq n(\frac{1}{q},$ $-1)$
$HA_{p,q}$ dense subspace .
, , $CMO^{p}$ .




Proof.. , Theorem 5, Theorem 19, Proposition 21 .\acute
$(C\Lambda IO^{p0}, Cl\mathrm{t}\prime IO^{p1})^{[\theta]}=((H\mathit{1}A^{p0’})^{*}\gamma(HA^{p1^{l}})^{*})^{[\theta]}=(H.4^{p0^{l}}$ , $HA^{p_{1}’})_{[\theta}^{*}]$
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